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AN INVESTICATION OF THE HINGu-MOMENT FIUCTUATIONS OF O.20-CHORD
PIATI ATTERONS OF A FIGH-ASFECT-RATIO WilG IW THE
TANGIFY 8-FCOT HIGH-SPEED TUNSEL

Ey frvo A. Luoma and Luve L. Liccini
SUMMARY

Concuwrrently with & three-dimensgionsal la.te ~al-control
investigation mede in the Langley 8-foot high-speed tumnel of
& wing of high aspect ratioc heving 0.20-chord, straight-sided-
refile plein ailerons, a few phobographic records of alleiron
vibrations weie obtalned by meens of en oscillograph connected
to the electriceal strain gece uzed tc measvre aileron hinge
mOments .

At supercritical lMach mumbers, freauencies of ths order
of magnituds of 50 to 100 cycles per seconé were obcerved for the
hinge-moment fluctuatlons of the aileron of the model. For a
10k .5-foot-gpan airplene, full-scele hinge-moment-fluctuation
freguencies {besed on the model frecuencies) are indicsted to be
of the seme order of magnitude as the wins naotwral frequencies
Por an airplens of this size.

IFTRGDUCTION

One phase of a general ressarch program underteken by the
National Advisgory Commitiee for Asrcnautics in conmection with
the design of a high-speed elrplens with e high-espect-ratio wing:
was the determinstion of the lavsral-control characteristics of
0.20~chord allerons on the wing. The results of these testg are
presented in reference 1. Wake fluctugtions behind the inbosard
stabion of the high-espect-ratio wing were measured and these data
ere reported in reforsnce 2.

During the eileron testz of reference 1 a few messurements
were maées of hinge-moment fluctuations; these measvremsnts are
recorded in the present papsr. Fluctuation records were obbtalned
et an engle of attack of 0° arnd en aileron deflcction of -3.3°
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for Mach numbers from 0.76 to cpproximately 0.925. A few
fluctuation records wore cbtalned for an aileron defluction of
5.5° at an angle of attack of 0°,

SYMBOLS

The symbols used hereln are defined as follows:

o angle of attack of finlte-span wing

v ve;locity In wndisturbed stroan

Fe) maes deneity in undlsturbed stroam

-3 3pesd of sound in uwndisturbed stream

qa dynamic pressure in undisturbed stream (%QVQ)

M Mach number (V/2)

S aileron deflection; positive for down deflection

ba span of alleron; model valus, C.590 Féet

Cq soction ailsron chord measured slong sirfoil chord line
from hinge axils of alleron to treiling edge of airfoll

G, root-mosn-square chord of sileron; model value, 0.0534 feet
z/éa-. =l/"!'" /Wba ce2 dy \;

* Ra /o /
Hp alleron model hinge moment

Cn, oileron hinge-moment coefficient (\éﬁ“‘“—i%ag

APPARATUS AND TESTS

The tests wore made in the Langley 8-foot high-speed tunmnel,
which 1s o single-return closoed-throat tunnel with an alr-strsen
turbulunce that 1s small Pbut slightly hizher than frce szir, For
these tosts tho alrspoed was continuously controllable to - choking
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Mach mmbear of 0.950 (uncorrscted). Ths d=ts prossnted hersin
zrs Por corrected Mach murbsrs from 0.760 to 0,907 and for an

uncorrsctsd Moch numbsr of 0.925, The Mach number corrections
uesd mzy be found in refersncs 3. :

Dimsnsions of the model wing and information concerning
the test setup e=re to be found in referencc 3. The wing has
an NACA 65-210 section, an aspect rotio of 9.0, a taper ratio of
2.5:1.0, snd na sweepbstk, twish, o dikedrsl. The sileron is of
the plain type with no aerodynumic balunce ond has =n unsezled
g2p that averagsd approximatoly 0.003 wing chord. The ailiron
chord is 20 porcent of the wing chord and the aileron apen is
37.5 percont of the wing semispun, with ths inbozrd ond of the
alleron at ths 60-percent-smmispsn stetion. Two Plexursl hingas
located approximatsly 25 porcent of the ailoron span from eithsr
ond of the aileron supported the aileron. (Ss3 fig. 1.) Tho
aileronbhas a straight-sided profile with 2 troiling-edgo anglw
of 11.1%. )

Hingo-momont date wars obtained by uss of on elactrical
strain gago, =2nd frsquency rucords wars mede by atbtaching an
oscillogruph to the straln-gago circuit and thsn making a
photogrzpilc rscord of the hinge-moment fluctustions. Ths timer
marks on the film wure at 0.l-sccond intorvels. - considerakion
of the interprateation ard limitations of such Trequency records
is m=ade in refereonce 2.

The maaa-balancsd sllasron system of the modsl had e natural
Treguency of 625 cycles per socond end hed e domping constant
about 2 percont of ths critical d:mping constant of the ailoron
system. These veluva werc obtuined from a record, ot zoro sirspeed,
of the hings-moment fluctuations asnsuing when the aileron treiling
adgs wod Gilsplaced from the aguilibrium position and wes subse-
qusntly rals2sed end psrmitted to vidbrato freely. Counterbolonces
wors attachod to the atleron (fig. 1) to mass bulunes statlcally
tho elleron about its hinge axis; howsvor, complote static
bslznce w2s not obtained. This fact wes =zscertained by deflecting
the wing tip from the equilibrium position wnd then rolsusing it
wnd permitting the wing to vibrats fresly. When this procsdurs
w23 followed, = record showing slight cmplituds obtained on tha
o3cillograph indicated thet the aileron we=s not perfectly mass
balanced. The balancing, however, is belioved to be sufficiontly
cloge 3¢ that accelerations of thus wing tip did not seriously
contribute to thse vibrations of the silsron. IFrom the slight
oscillstions rscorded for the frsaly vibrating wing, the n»tural
frsquoncy of the model wing in ths primary beoading mods wzs dotor-
nined to bz about 50 cycles per second.
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RESILT AND DISCUSSION

In figure 2 are shown mszsured froequencies of the hinge-monent
fluctuztiong of the aileron of the modzl. Fregquencies of the
ordsr of magnitude of 50 to 100 cycles por sccond were obssrved.,
It i9 qulte probabls that bigher froguencles existed as indicsted
by the data of refercnce 2. Also showa in figure 2 i3 a comparison
of the data of the present tests with ths wake-frequency measure-
ments of reference 2, which werc made behind the wing inbos
atations of the rodel. Low-fregquency wake Fluctuations of the
order of megnitude of 50 to 300 cycles psr sscond wers messursed
in the tests of referencse 2. High-frequuncy wake fluctw:itions
of the order of magnitude of 1300 to 1600 cyclea per second were
also msasured ln the tosts of rofercnce 2,

It i3 suggested in referenco 2 that the frequaency of the
wake fluctuations at a given Mach number may bo expected to var
inverasoly as the scals of tho wing. If the assumption is ncde
that a simdlar type of variation would occur for the aileron
hinge-momant fluctuations, the present tests indiczte that for
an airplane of 104.5-foot spon (33.3 timas dite size of the modol
tested) full-scele low-frequency hinge-mcment fluctuations of
1.5 to 2 cycles per second would occur. Thess low-freguuncy
hinge-moment fluctuationa appear to be of the zsmeo order o
negnituds as tho wing natural frequenciss that can be expacted
for wings of this sizo as dstermined by Avmy Air Forces taasta.

Shown In flgure 3 is the equivalent static hingo-moment-
coefficisnt variation for a single siloron resulting from aileron
loud changes. Those data epply for an ailsron wlth no asrodyncmic
balence. The change in static hinge-moment coefficlent is ba3cd
on the double amplitude of the measured hinge-moment fluctustions
divided by the magnification factor

(see reference 4) where, for the present tests, YAs,  1g the rasio
of measur.d forcod frequency to natural fraqusney for the ailleron
systenz of ths modal snd r/rc is tho rotio of d&:mping constunt to
criticel damping constent for the aileron aystem of tho model.

Ths duts of Tigure 3 show thaet ths obrupt risoc in hingoe- cnt-
coofficient variation occurs in the same spoed range as tho
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changes in force characteristics of th» wing alone (reference 3).
Dynamic hings-mcoment-coefficient variations for any partlcular
zilsron with no asrodynemic balance, simllar to the alleron tested,
cen be determined from ths static data of figurs 3 if the natursl
frequency and damping characteristics of that alleron are Imown.
The hinge-moment changes prssented here are for e single alleron;
for two ailerors as on an actual airplsne, vhere one aileron may
elther opposs or aggravate the effects of the other alleron, the
net hinge-moment changes due to both ailsrons mey be expected to
be differsnt from the resulis for a glngle alloron.

CONCLUSIONS

From an investigation of the hings-mament fluctuations of
0.20-chord plain allerons on a ahigh-aspect-raetio wing in the
Longley 8-foot high-speed tunnel, the following stobtemsnts can
be made:

1. At supsrcritical Mach numbers, freguencies of the order
of megnitude of 50 to 100 cyclss por sscond wore cbserved for the
hinge-moment fluctuations of the aileron of the model.

2., For a 10k.5-foot-spen airplsns, full-scale hinge-moment-
fluctuation frsquencies (based on the modsl frequencies) are
inflcated to be of the same order of magnitude as the wing
natural fregusncles for sn airplene of tals size.

Langley Memorial aercnsutical Leborstory
National Advisoxry Commititee for Aeronautbics
Langley Field, Ve.
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